Abstract: New molecular methods of research have greatly expanded the knowledge about the role of cytokines in several diseases, including psoriasis. The work orchestrated by these peptides is essential for the communication between resident inflammatory cells (keratinocytes and endothelial cells) and infiltrating cells (neutrophils, lymphocytes, Langerhans cells). This is a complex network due to redundancy, synergism and, sometimes, the antagonism of cytokines, which prevents full understanding of the pathogenesis of the disease. Currently, it seems premature to try to establish a main actor, but TNFalpha participates in all stages of psoriatic plaque development, as we shall see. Keywords: Cytokines; Psoriasis; Tumor necrosis factor-alpha Resumo: A introdução de novos métodos moleculares de investigação ampliou muito o conhecimento sobre o papel das citocinas em diversas doenças, entre elas a psoríase. O trabalho orquestrado desses polipeptídeos é fundamental na comunicação entre as células inflamatórias residentes (queratinó-citos e células endoteliais) e infiltrantes (neutrófilos, linfócitos, células de Langerhans). Trata-se de uma rede complexa devido à redundância, ao sinergismo e, por vezes, ao antagonismo das citocinas, o que dificulta a compreensão da fisiopatogenia da doença a partir de um mecanismo linear. No momento atual, parece precoce tentar estabelecer um regente, mas o TNF-alfa se destaca em todos os passos do desenvolvimento da placa psoriásica, como veremos a seguir. Palavras-chave: Citocinas; Fator de necrose tumoral alfa; Psoríase
INTRODUCTION
Cytokines are small polypeptides (8-80 kD) produced in response to antigens, microorganisms or other non-infectious stimuli. They are capable of regulating immune and inflammatory reactions and interacting with the endocrine and nervous systems. Because they are not preformed or stored, they are released in brief, self-limited events as a result of cellular activation after synthesis initiated by gene transcription. They were initially named after their origin, as follows: monokines, derived from mononuclear phagocytes; lymphokines, derived from lymphocytes, and interleukins, produced by leukocytes and acting on them. These terms are not suitable since there is no specificity in relation to production or target cells. The actions of cytokines are oftentimes redundant and pleiotropic, and the same occurs with tumor necrosis factor-alpha (TNF-α). Pleiotropism refers to the ability of a cytokine to act on different cell types. TNF-α binds to receptors that are present on virtually all cells of the body, acting on the same cell that produced it (autocrine action), on immediate neighbor cells (juxtacrine action), on cells that neighbor the cells of origin (paracrine action), or on distant target cells (endocrine action). The regulation of target cells is modified by external signals; for example, when T lymphocytes are stimulated by antigens, there is increased expression of some cytokine receptors such that antigen-specific lymphocytes are the preferred responder cells (self-regulated mechanism).
1
All cytokine receptors consist of one or more transmembrane proteins. The extracellular portion binds to the cytokine and the intracytoplasmic portion initiates the signaling pathways. Even though most cells express low levels of receptors for a cytokine, its binding to a specific receptor shows high affinity and is capable of triggering its various biological effects, such as lymphocyte differentiation into Th1, Th2 or Th17 cells, cell proliferation or apoptosis. Despite the lack of similarity between most individual cytokines in relation to gene or protein sequencing, they can be divided into groups according to their biological actions, as follows: (1) mediators of innate immunity, (2) mediators of adaptive immune response, and (3) stimulators of hematopoiesis. They can also be classified according to similarities in the structure and sequence of their receptors, which originates the superfamilies of receptors.
2 Regardless of the classification, different cytokines may share receptor subunits, thus the formation of a network and functional redundancy.
Autoimmune diseases and inflammatory reactions mediated by T-helper cells can be either Th1 (T helper lymphocytes) or Th2.
3 This division is based mainly on the relationship between levels of IFN-g and IL-4 produced by a given T lymphocyte clone, directly quantified in tissues or in vitro. 4 In general, there is increased production of Th2 cytokine profile and increased IL-4 and IL-10 in Graves' disease, atopic dermatitis and lepromatous leprosy. Through this pathway, there is increased humoral immunity (antibodies), increased IgE production and slowed Th1 response.
5 However, in delayed hypersensitivity reaction, tuberculous leprosy, rheumatoid arthritis, Crohn's disease and psoriasis, there is dysregulated lymphocyte response with increased Th1 proinflammatory cytokines (high IFN-γ and TNF-α), at the expense of regulatory Th2 cytokines (Chart 1). 6,7
The pattern of cytokines observed in psoriatic skin lesions shows increased expression of IL-1, IL-2, IL-6, IL-8, IL-12, TNF-α, IFN-gamma, transforming growth factor alpha and beta (TGF-a and TGF b), and granulocyte-macrophage colony-stimulating factor (GM-CSF) (Figure 1 ). [8] [9] [10] [11] [12] [13] The role of IL-17, as a proinflammatory cytokine, and of IL-23, responsible for expanding and maintaining the Th17 pathway, has become more important in the context of various inflammatory diseases, including autoimmune diseases. This "new" pathway has been the subject of many studies because of its relevance in the development and maintenance of psoriasis. Th17 cells mainly produce IL-6, IL-17 and IL-22.
Wolk et al. studied the expression of 20 cytokines in psoriatic lesions. They showed that among all the cytokines investigated, IL-22 and IL-17 levels were higher.
14 The expression of IL-22 was correlated with disease severity and was approximately 10 times greater than that of IFN-gamma.
14 IL-22 is generally produced by activated T cells and Natural Killer cells (NK), FIGURE 1: Lymphocytic balance in the release of cytokines. Increased production of Th1 cytokine profile in psoriasis but not by other immune cells or tissues. The major source of IL-22 in psoriatic lesions appears to be effector memory T cells of the two subsets, Th1 and Th17.
15

THE CYTOKINE NETWORK
It can be said that it is a "jumble" of cytokines, due to redundancy, synergism and pleiotropism. This hinders understanding, in a liner fashion, of the mechanism of development of psoriatic lesions (Figure 2 ). In any case, some key functions should be highlighted. Interleukin-1 (IL-1) was cloned in 1980 and quickly stood out in the regulation of inflammatory processes. Similarly to TNF-α, it is also called a primary cytokine, since it can independently initiate a number of mechanisms capable of triggering inflammation.
1 keratinocytes are the main producers of IL-1 in the skin. Once released, IL-1 can stimulate angiogenesis, increase the expression of adhesion molecules, activate T cells, induce the synthesis of other cytokines such as TNF-α, IL-6, IL-8, IFN-γ, GM-CSF, and promote keratinocyte proliferation. After trauma to the skin, there is local release of cytokines by keratinocytes, leading to the development of new psoriatic lesions in some patients (isomorphic Koebner phenomenon). 16, 17 IL-1 may regulate 388 genes, including those associated with proteolysis, cell adhesion, signal transduction, and aberrant epidermal differentiation observed in psoriasis.
18
In fact, the denomination IL-1 refers to two cytokines, interleukin 1 alpha (IL-1α) and interleukin 1 beta (IL-1β). Although they have similar actions and bind to the same receptor, they are encoded by distinct genes.
19 IL -1α is expressed as an intracellular protein and is released during mechanical stress or any event that leads to local inflammation of the keratinocyte. IL-1β is synthesized as an inactive molecule and secreted into surrounding tissue or the bloodstream after caspase-1 cleavage.
20
Local activation of lymphocytes at sites of injury seems to be the central alteration of psoriasis, and CHART 1: Profile of lymphocytic response in some diseases its influx precedes neutrophil infiltration. The interaction between T cells and keratinocytes is important in the pathogenesis of psoriasis due to secretion of proinflammatory cytokines and growth factors in psoriatic skin. Interleukin-2 (IL-2) acts specifically as a lymphocyte growth factor and is increased in psoriatic plaques.
11 The IL-2 receptor is expressed in activated T cells and can be measured as a soluble protein (sIL -2R). Zalewska et al. demonstrated increased levels of sIL-2R in the plasma of patients with psoriasis, which was positively correlated with the PASI, and their reduction was positively correlated with clinical improvement.
21
Interleukin 6 (IL-6) is also a pleiotropic cytokine. Among its typical actions are regulation of the expression of other cytokines, cell proliferation and differentiation and inhibition of tumor growth, as well as induction of acute-phase proteins in the inflammatory reaction. IL-6 is present in normal human skin and is immunologically detected in basal keratinocytes, endothelial cells, fibroblasts and mononuclear cells.
22
IL-6 acts as an autocrine mitogen in psoriatic epidermis. It acts in synergy with IL-1 and TNF-α contributing to cellular hyperproliferation through its action on the epidermal growth factor receptor (EGF). 22 Goodman et al. observed increased IL-6 levels in psoriatic lesions, compared to the normal skin of healthy volunteers. On confocal immunofluorescence microscopy, they observed increased expression of the cytokine at the top of the dermal papillae and in the superficial vascular plexus. They also observed that IL-6 colocalizes with CD45 + and IL-17. 23 In the evaluation of 219 patients, Alenius et al. positively correlated IL-6 levels with arthritis, especially in patients with increased C-reactive protein, confirming its involvement in systemic and acute inflammation. 24 Similarly, the clinical improvement observed following the use of etanercept is associated with a marked reduction in IL-6 expression (greater than the reduction of TNF-a). 25 In another study, Koshiba et al. investigated epithelial crypt cells of the amygdale of 36 patients with palmoplantar pustulosis (pustular psoriasis of Barber) and observed a significant increase in IL-6 and p53 transcription factors.
26
Very interesting observations associate cytokines with other co-morbidities in psoriasis.
27-29 Both depression and obesity are associated with increased IL-6 and IL-1. With regard to the relationship between IL-6 and glucose metabolism, Senn et al. and Rotter et al. showed, respectively, reduced insulin action in hepatocytes and adipocytes after exposure to IL-6. 30, 31 Accordingly, circulating levels of IL-6 in type 2 diabetic patients and/or obese patients are approximately two to three times greater than those observed in healthy individuals. 32 IL-8 plays an important role in attracting neutrophils. It also promotes keratinocyte proliferation and stimulates angiogenesis, with an increase in the expression of its receptors in injured skin. 33 High levels of IL-8 were detected in situ and in the serum of some patients with psoriasis.
34 Neutrophil recruitment has traditionally been attributed to IL-8 production by keratinocytes. However, a recent study suggests that T cells may also be involved in IL-8 production. In fact, IL-8 would be one of the connecting bridges between these inflammatory cells, lymphocytes and neutrophils. Ferran et al. demonstrated that lymphocytes that selectively migrate to the skin (CLA + ) secrete IL-8, which could contribute to the formation of Munro's microabscesses and spongiform pustules of Kogoji through chemotactic action on neutrophils.
35
The term interferon (IFN) derives from the ability that these cytokines have to "interfere" with viral replication in host cells. This action is primarily paracrine and team-like. For example, a cell infected by a virus secretes IFN to protect uninfected neighboring cells and inhibits viral replication in the cell itself, in an autocrine manner. These mechanisms are well known by dermatologists, both due to indirect increase of INF in tissues, with the use of Imiquimod (treatment of flat warts and molluscum contagiosum), or direct increase through the use of intralesional interferon in the treatment of resistant warts.
36 IFN-γ activates Langerhans cells, increases ICAM expression in endothelial cells and keratinocytes, and cooperates with TNF-α (synergistic effect) increasing the production of IL-8 and release of IL-1.
All three IFNs (alpha, beta and gamma) have different properties and may act synergistically or antagonistically. They all increase the activity of natural killer lymphocytes and stimulate the synthesis of arachidonic acid products, which could explain the worsening of psoriasis caused by the therapeutic use of these cytokines.
37 Therefore, the use of IFN-α in the treatment of hepatitis C has been implicated in the onset of psoriasis. Some patients had no personal or familial history of the disease. Moreover, a chronological relationship between the discontinuation of treatment and improvement of skin lesions was observed. [38] [39] [40] Intradermal injection of IFN-γ in the healthy skin of patients with psoriasis has led to the appearance of erythematous, scaly plaques in loco. 41 Another classic example already mentioned is the aggravation of psoriasis due to the use of imiquimod.
42
Not long ago, the pathogenesis of psoriasis was basically explained by the production of Th1 cells; however, there has been greater involvement of Th17 cells that produce 44 These cells are defined by their ability to synthesize IL-17 in response to antigen-presenting cells, IL-23 and other differentiation cytokines.
45-48 IL-23, a cytokine produced by macrophages and dendritic cells, leads to expansion of Th17 cells, which are differentiated from naive T cells in the presence of IL-6 and transforming growth factor beta (TGF-β). 49, 50 Some studies indicate that IL-22, produced by effector Th17 lymphocytes, acts on keratinocytes, which contributes to the amplification and maintenance of the inflammatory response. 51 The molecule CD161 has been recently described as a new cell surface marker for Th17 in human cells.
52
The cytokines IL-12 and IL-23 are critical for the perpetuation of psoriatic lesions. The former contributes to the production of IFN-γ and maintenance of Th1 response, and the latter perpetuates Th17 response. Both IL-12 and IL-23 are heterodimers and share a subunit denominated p40. Binding with receptor IL-12Rβ1 occurs through this subunit. The therapeutic use of a monoclonal antibody (ustekinumab), inhibitor of this subunit -convergence point of Th1 and Th17 pathways -has shown a therapeutic response comparable to that of TNF-α inhibitors.
53
TNF-α is the most studied cytokine due to its increased expression in skin lesions and in the serum of patients with pustular lesions, in the synovial fluid of patients with psoriatic arthritis and, above all, due to the therapeutic efficacy of its specific inhibitors (fusion proteins, monoclonal antibodies). [54] [55] [56] [57] [58] [59] [60] In biology, as in many areas of scientific research, completely different areas converge when a simple principle underpins two seemingly different phenomena; in this case, infection and neoplasia. This convergence occurs several times with TNF-α and its biological functions. This cytokine was indirectly discovered in the nineteenth century. In 1983, a surgeon named William Coley noticed that some cancer patients had tumor necrosis and hemorrhage when they developed a bacterial infection. Hoping to have found a cure for cancer, Coley injected patients with bacterial culture supernatants. Although the tumor regressed, patients suffered severe side effects caused by "Coley's toxins". Separately, in 1892, Richard Pfeiffer attempted to isolate the toxic principle of gram-negative microorganisms, a substance he called "endotoxin" to distinguish it from "proteinaceous exotoxins" (in Weaver et al., 2002) . 61 Half a century later, Shear et al. demonstrated the existence of a substance capable of causing hemorrhagic necrosis in tumors. This was observed after injection of Serratia marcescens culture supernatants in mice with tumor tissue implants with sarcomatous degeneration. 62 A serum factor that caused severe weight loss in patients with advanced cancer and severe infection was named cachexin and, soon after, it was observed that this substance was identical to TNF-α.
63
The TNF-α gene was cloned in the 80s. It is located on the short arm of chromosome 6, next to the Major Histocompatibility Complex (MHC). It has 4 exons and 3 kilobases. Mature TNF-α shares 28% amino acid sequence homology with another cytokine, lymphotoxin (TNF-β). They also share some biological activities and can compete for the same receptor. 64 The biological functions of TNF-α are also confused with the activities of another 17 kD cytokine, IL-1, which is structurally different and does not compete for the same receptor.
Monocytes and macrophages are the main cells related to the production of TNF-α, but other immune cells are also capable of synthesizing it such as NK cells, basophils, eosinophils, neutrophils and T and B lymphocytes, as well as other nonimmune cells -astrocytes, glial cells, neurons, osteoblasts, melanocytes, smooth muscle cells, and spermatogenic and tumoral cells. 65, 66 Constitutionally or by stimulation, it can be produced by almost all cells of the skin, such as keratinocytes, Langerhans cells and other dendritic cells, activated T cells, macrophages, fibroblasts and endothelial cells. 25 Gene transcription for TNF-α is "precocious and immediate"; thus, after a signal has been given, TNF levels rapidly increase between 15 and 30 minutes.
67
This polypeptide is a primary mediator in infection, trauma, and inflammation, as well as in host defense and tissue homeostasis. Depending on its concentration, duration of cell exposure and presence of other cell mediators, its network of biological effects can bring local or systemic benefits or harm. It should be noted that its functions permeate health (equilibrium) and disease. Therefore, TNF-α (1) modulates cell growth, differentiation and metabolism; (2) leads to cachexia by inhibiting stimulation of liver lipogenesis and stimulating lypolysis (3) initiates apoptosis of degenerated cells, neoplastic cells or virus-infected cells, and (4) produces inflammation.
64
Not surprisingly, its expression and activity are finely regulated at different levels, which allows the quiet work of the TNF-a gene in the absence of exogenous stimulation (Charts 2 and 3) .
The main physiological function of TNF-α is to stimulate leukocyte recruitment to sites of infection by increasing adhesion molecules in endothelial cells, making the vascular surface more adherent. This entire sequence is critical for the local response to microorganisms. There is induction of IL-12 and IL-18 synthesis. They are potent cytokines that stimulate the formation of IFN-γ, which is essential for the elimination of pathogens, especially intracellular ones. It can be concluded that patients taking TNF-α inhibitors are more susceptible to development of Mycobacterium tuberculosis and viral infections. Secondary mediators induced by systemic administration of TNF-α include cytokines [IL-2, IL-4, IL-10, IL-12, IL-18, IFN-γ, TGF-β, leukemia inhibitory factor (LIF), macrophage migration inhibitory factor (MIF)], hormones (cortisol, epinephrine, glucagon, insulin), acute-phase proteins, leukotrienes, oxygen free radicals, nitric oxide and prostaglandins.
67
TNF-α gene polymorphism (already studied in a sample of Brazilian patients with psoriasis), as well as some exogenous stimuli, can be correlated with aggravation or onset of diseases. 68 In septic shock, serum concentration of TNF-α may be a marker of the severity of gram-negative bacteria infection, since bacterial lipopolysaccharide (LPS or endotoxin) is the most potent stimulus for its release.
69 TNF-α increases prostaglandin synthesis by hypothalamic cells. This leads to fever, and TNF-α is considered an endogenous pyrogen. Increase in body temperature is related to increased prostaglandin synthesis by hypothalamic cells. TNF-α also inhibits thrombomodulin, an inhibitor of coagulation, contributing to disseminated intravascular coagulation. Concomitantly, there is reduced cardiac contractility and vascular tone resulting in lower blood pressure. Cachexia is associated with prolonged exposure to TNF-α, which generates a catabolic state due to increased glycogenolysis and lypolysis, aggravated by anorexia (Graph 1).
With regard to psoriasis, TNF-α has different effects on the cellular level, which correlate with the pathophysiological mechanisms of the disease. It has been shown that TNF-α is capable of increasing production of several pro-inflammatory cytokines synthesized by activated lymphocytes or keratinocytes, exerting specific effects. IL-1 stimulates the synthesis of more cytokines and the expression of cytokeratin 6 (CK6), a marker of activated and hyperproliferative keratinocytes. TNF-α has a direct effect on CK6 increase through stimulation of its gene promoter of transcription factors in keratinocytes, making the epithelium hyperproliferative. IL-6 and TNF-α are redundant in various functional aspects, both by stimulating the production of acute-phase proteins and increasing the speed of erythrocyte sedimentation, which can be observed in erythrodermic patients with the generalized pustular form of the disease, and also for increasing keratinocyte proliferation. 70 The two cytokines are found in high concentrations in patients with pso- NF-κB is a nuclear transcription factor of cytokines such as TNF-α, IL-6 and IL-8, and also of ICAM-1, VCAM-1 and E-selectin. When stimulated, it enhances inflammatory response and inhibits apoptosis of keratinocytes.
71
TNF-α also leads to increased vasoactive intestinal peptide receptors. This promotes an increase of inflammatory cytokines and keratinocyte proliferation. It also stimulates the formation of vascular endothelial-derived growth factor (VEGF) by increasing the production of nitric oxide.
72
Location in the tissue and the strategic mobility of dendritic cells are essential for communication between the microenvironments of the epidermis and dermis. This migration is one of the earliest mechanisms in the generation of an inflammatory response that can be influenced by several factors. E-cadherin is a selective intercellular adhesion molecule present in all layers of the epidermis. The inhibition of its expression, mediated by TNF-α, facilitates the migration of Langerhans cells, and this may increase immune response. Figure 3) .
Extrapolation of the results obtained from the measurement of cytokines in vitro and in vivo must be done with extreme caution. We must keep in mind that these results may fluctuate due to the use of different tests, different stages of the disease, demographic differences, and coexisting diseases. q 
